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METHOD AND DEVICE FOR THE REAL-TIME MEASUREMENT OF 411' ? 
CONSUMPTION OF OIL FROM AN ENGINE OIL SEPARATION 
SYSTEM, USING RADIOACTIVE TRACERS 

The present invention relates to a method of measuring, f 
in real time, the consumption of engine oil owing to 
the flow of crankcase gases, called hereafter blowby 
gases through the oil separation system for separating 
the oil contained in said blowby gases. 



) 



This oil separation system generally consists of at 
least one separator, which may in particular take the 
form of a single separator or several separators 
connected in series and/or in parallel, and constitutes 
15 the principal component of the circuit for recycling 
the blowby gases within internal combustion engines. 

The invention also relates to a device, such as a test 
bed, for implementing this method. More precisely, this 
20 method is based on the real-time measurement of the 
fraction of engine oil contained in the blowby gases 
after they pass through the oil separation system of an 
internal combustion engine. 

25 The blowby gases result largely from the leakage of the 
combustion gases from the engine block, and more 
particularly from the combustion chamber, these leaks 
being due to the mechanical clearances in what is 
commonly referred to as the PRC (piston(s), ring(s), 

30 cylinder (s)) region (a phenomenon called "blow-by"). 
These blowby gases contain combustion products, engine 
oil, unburnt hydrocarbons, particles, water vapor, etc. 

For many years, in internal combustion engines the 
35 blowby gases coming from the engine block, that is to say 
especially from the cylinder crankcase and/or cylinder 
head, were treated so as to be subsequently either 
released into the atmosphere {for example in the case of 
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heavy-duty truck engines) or recycled into the intake and 
sent back to the cylinders, to be burnt therein {for 
example in the case of light-duty vehicle engines). 

5 This recycling of the blowby gases into the intake 
system generally comprises: 

(a) a step of recovering the engine oil contained in 
the blowby gases, this oil being in the form of a 

10 multiphase liquid/vapor mixture, the proportions of 
which vary according to the operating conditions of the 
engine (e.g. engine load, temperature, pressure); 

(b) a step of returning the recovered oil to the 
engine oil sump; and then 

15 (c) a step of returning the de-oiled blowby gases to 
the intake or of releasing the de-oiled blowby gases 
into the atmosphere. 

Step (a) of separating the oil from the blowby gases 
20 takes place in a separation system, usually called the 
"engine separator". For this purpose, many 
technological variations of separation systems have 
been developed. For example, the oil may be retained by 
a large contact area provided by static elements, such 
25 as baffles or packing elements, or filtering elements, 
or the oil may be retained through the centrifugal 
force of one or more cyclones that throw the droplets 
against the surface of the separator. 

30 However, in general such separators are not completely 
effective, that is to say a relatively large fraction 
of the oil contained in the blowby gases is not 
retained within the separation system. Consequently, 
returning the blowby gases still containing oil after 

35 passing through the separation system to the intake 
results in a number of technical problems liable to 
impede the proper operation of the internal combustion 
engine . 



Thus, the risks of fouling the engine are substantially 
increased. For example, fouling of the intake nozzles, 
butterfly valves, EGR and other valves, and combustion 
chambers may be observed. The risks of disruptive 
5 mechanical effects, such as seizing of the butterfly 
valve(s), seizing of the EGR valve or valves, pinging, 
etc. are consequently increased. 

Furthermore, engine fouling is liable to increase the 
10 polluting emissions (e.g. incomplete combustion of the 
oil with possible implications for the post-treatment 
systems) and to have a not insignificant impact on the 
agreeableness of driving of the motor vehicle. 

15 Consequently, automobile manufacturers with a concern 
for developing new oil separation systems comprising 
one or more separators in series and/or in parallel 
must be capable of monitoring their performance easily 
and effectively. Such monitoring requires a method of 

20 measuring the oil consumption of said separation system 
that has to be reliable, precise, repeatable and 
reproducible . 

To evaluate this oil consumption within the separation 
25 system, it is necessary to measure the fraction of oil 
still present in the blowby gases after said gases have 
passed through this separation system. The more 
effective the separation system, the lower the measured 
oil fraction. 



30 
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For this purpose, the Applicant has developed a novel 
method of measuring the consumption of oil coming from 
the oil separation system located in the circuit for 
recycling the blowby gases of an internal combustion 
engine, which method is implemented in an easy, 
automatable, reliable, precise, repeatable and 
reproducible manner and can operate continuously so as 
to provide, almost instantaneously and in real time, 
the fraction of oil not recovered by the separation 
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system- 

The method according to the invention thus makes it 
easier to carry out trials for the purpose of 
5 developing new separation systems for optimum de-oilmg 
of the blowby gases. 

The method of analysis of the present invention is 
based on introducing a radioactive tracer into the 
10 engine lubricating oil and on measuring the 
radioactivity of the oil contained in the blowby gases 
coming from the separation system, which consists of 
one or more oil separators whose efficiency it is 
desired to evaluate. 
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Provided that certain conditions relating to the choice 
of radiotracer are respected, this radioactivity 
perfectly reflects the fraction of lubricating oil 
still contained in the blowby gases after they have 
passed through the separation system. Thus, by 
measuring this radioactivity, it is possible to 
determine in real time the effectiveness of the 
separation system. 

One subject of the present invention is therefore a 
method of determining the consumption of oil coming 
from the oil separation system located in the circuit 
for recycling the blowby gases of an internal 
combustion engine, characterized in that: 

• the lubricating oil for said engine is labeled by 
introducing at least one radioactive tracer into said 
oil; 

• the blowby gases, leaving the engine block and 
laden with lubricating oil, are made to pass through an 
oil separation system where at least some of the oil 
contained within said gases is separated, collected and 
returned to the oil sump, preferably directly into the 
oil contained in said oil sump; 

• the radioactivity of the oil not separated in the 
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oil separation system and contained in the blowby gases 
leaving said separation system is measured using a 
detector, which is sensitive to the ionizing radiation 
emitted by the radioactive tracer (s) ; and 
5 . the results of these measurements are sent to a 
computer capable of calculating the consumption of 
lubricating oil not separated in said separation system 
from these results- 

10 The oil consumption may be expressed in various forms, 
depending on the type of test carried out. In 
particular, it may be expressed: 
by weight (in grams); 
by volume (in liters); 
15 - by weight per unit time (mass flow rate, for 
example in grams /hour) ; 

by volume per unit time (volume flow rate, for 
example liters /hour) ; 

in weight per unit distance traveled by the 
20 vehicle (for example grams / km) ; or 

by volume per unit distance traveled by the 
vehicle (e.g. in liters/km) . 

Another subject of the invention is a device for 
25 implementing the above method, which comprises: 

• an internal combustion engine lubricated by an oil 
labeled by introducing at least one radioactive tracer 
into said oil; 

• an oil separation system that receives the blowby 
30 gases laden with lubricating oil leaving the engine 

block, where at least some of the oil contained in said 
blowby gases is separated, collected and returned to 
the oil sump; 

• a detector sensitive to the ionizing radiation 
35 emitted by the radioactive tracer (s), located 

downstream of the oil separation system, so as to 
measure the radioactivity of the oil not separated in 
the oil separation system but contained in the blowby 
gases leaving said separation system; and 
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connected to said detector, a computer programmed 
for calculating the consumption of lubricating oil not 
separated in said separation system from the results of 
the radioactivity measurements* 

The method and the device of the present invention 
provide great measurement flexibility and precision, 
and also make it possible, thanks to their great 
sensitivity, for the oil consumption by the blowby gas 
10 separation system to be measured rapidly and almost 
instantly. They also have the advantage of not 
disturbing the operation of the engine under test and 
thus allow good extrapolation of the test results to 
the actual operating conditions of the engine. 

In a first way of implementing the present invention, 
the residual fraction of radioactive oil contained in 
the partially de-oiled blowby gases after they have 
passed through the separation system is measured 
20 directly using a detector located close to the outlet 
pipe of the oil separation system to be tested. 

This method of implementation, in which small amounts of 
radioactivity are measured, may involve the use of radio 
25 tracers having a high specific activity or else the use of 
high concentrations of radio tracers of moderate activity, 
in such a case, it is of course essential to take 
appropriate protective measures, allowing the impact of 
the radioactivity on the environment to be limited. 

30 

However, if the detector used has a high sensitivity, 
the specific activity or the amount of radio tracers 
used does not necessarily have to be very high. 

35 This measurement method has the advantage of not 
disturbing the operation of the engine, as it does not 
in any way modify the fluid flow in the blowby gas 
recycling circuit. 



A second method of implementing the present invention 
consists in measuring the increase in radioactivity due 
to the build-up of radioactive oil in a suitable 
trapping device. Specifically, in this second method of 
implementation, the residual oil from the partially de- 
oiled blowby gases coming from the oil separation 
system are trapped in an oil trapping device located 
downstream of said oil separation system and the 
overall radioactivity of the oil thus collected is 
measured. 

The addition of an oil trapping device in the blowby 
gas recycling circuit is liable to modify the fluid 
flow in said circuit. Good extrapolation of the test 
results to the actual operating conditions consequently 
means minimizing such a potential disturbance, by 
choosing a suitable geometry for this trapping device 
(small volume, minimal length of the lines, etc.). The 
parameter best reflecting the disturbance of the fluid 
flow in the blowby gas recycling circuit is the blowby 
gas pressure difference (AP) between the inlet and 
outlet of the oil separation system. When the value of 
this parameter is substantially the same as the 
pressure difference in the absence of the trapping 
device, there is no disturbance of the fluid flow by 
the device, which corresponds to a preferred method of 
implementation . 

This second method of implementation using a trapping 
device has the considerable advantage of allowing very 
accurate measurements using low concentrations of radio 
tracers or using radio tracers of relatively low 
activity, which are therefore easy to use and entail no 
risk to the environment or to the operators carrying 
out the trials. 

The abovementioned oil trapping device preferably 
consists of at least one separator operating according 
to the same principle as the oil separation system to 
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be tested. The oil trapping device of the present 
invention comprises, for example, one or more static 
separation elements, such as baffles or packing 
elements, providing a large solid/gas interface, and/or 
5 filtering elements and/or one or more cyclones for 
capturing the oil due to the centrifugal force. 

Under certain operating conditions of the engine, it 
may be useful to cool the oil trapping device by means 
10 of a suitable cooling system so as to improve the 
trapping effectiveness of this device. 

Furthermore, it will be understood that the more 
effective the trapping device and the more closely it 
15 tends toward 100% efficiency, the more the measurement 
of the radioactivity of the oil accumulated in the 
trapping device correctly reflects the oil consumption 
by the engine separation system. In particular, there 
are trapping devices that retain most, that is to say 
20 at least 80% or ideally at least 95%, of the fraction 
of oil contained in the blowby gases leaving the engine 
separation system. However, it is also possible for the 
oil consumption due to the passage of the blowby gases 
through the oil separation system to be reliably and 
25 reproducibly measured using trapping devices of lower 
efficiency preestablished by calibration, provided in 
particular that the ratio of the amount of trapped oil 
to the amount of incoming oil is known, and that this 
ratio is known for the various experimental conditions 
30 used. 

The method of measuring the engine oil consumption due 
to the blowby gases passing through the oil separation 
system of an internal combustion engine must be 
35 implemented with a suitable radioactive tracer. In 
particular, the latter must meet the conditions 
indicated in the following paragraphs. 



The radio tracer must not disturb the operation 
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engine or upset the physico-chemical properties of the 
engine oil. To do this, it must in particular be 
chemically inert with respect to the components of said 
oil, must have a function similar to that of one of 
5 their constituents (for example a functional additive), 
and must be partly or completely substituted therefor. 

The radio tracer must have sufficient radioactivity to 
allow precise and reproducible measurements. The choice 

10 of radio tracer is linked in particular to the 
sensitivity of the detector used. In other words, if 
the detector is of low sensitivity, the radioactivity 
of the oil must be high (high radioactivity of the 
radio tracer or high concentration of a radio tracer of 

15 relatively low radioactivity) . However, if the detector 
used has a high sensitivity, the radioactivity of the 
oil may be relatively lower. 

Finally, the radio tracer must be selected so that the 
20 amount of it in circulation in the engine oil circuit, 
over the entire duration of the method, is directly 
proportional to the amount of lubricating oil in the 
engine oil circuit. 

25 This proportionality depends on the physico-chemical 
properties of the radioactive tracer and of those of 
the liquid medium into which it is initially 
introduced. This is because, to reflect at any moment 
the measured fraction of engine oil, the radioactive 

30 tracer must neither be accumulated in the mixture when 
the oil is consumed nor must it be consumed more 
rapidly than the latter, for example by evaporation, 
combustion or thermal decomposition, nor must it be 
trapped at any point in the engine, such as the oil 

35 filter. 



In light of the foregoing, a person skilled in the art 
will choose the radio tracer so that its physico- 
chemical properties (volatility, thermostability, 
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chemical reactivity) are matched with those of the 
liquid medium into' which it is introduced and of which 
it must reflect the measured fraction. 

A person skilled in the art may in particular find a 
suitable tracer for a given medium by subjecting a 
tracer/lubricating oil mixture to the temperature and 
pressure conditions prevailing in an engine. 

The detectors that can be used are probes for detecting 
ionizing radiation (p-rays, X-rays or y-rays) which may 
either be of the liquid or solid scintillator type 
(sodium iodide Nal (Tl) crystal or BGO crystal) or of 
the semiconductor type (germanium crystal, or CZT 
5 crystal) . It should also be noted that the detector may 
detect the simultaneous presence of various radio 
tracers. When the radioactivity of the oil contained in 
the blowby gases is high (highly radioactive radio 
tracer, and/or high concentration of a radio tracer of 
20 low radioactivity), the detector will not need to be of 
high sensitivity. However, when the radioactivity of 
the oil contained in the blowby gases is not high, the 
detector will have to have a higher sensitivity. 

25 To limit the amount of radio tracers employed, it will 
be preferred to use a measurement probe of high 
detection efficiency, for example a crystal of the 
sodium iodide type measuring 3x3 inches. 

30 This type of detector may exist in compact form, 
allowing the possibility of a device on board the 
vehicle. 

The signals detected by the detector are then processed 
35 by a series of means for calculating the fraction of 
engine oil contained in the blowby gases after they 
have passed through the oil separation system. These 
means comprise in particular a means of processing the 
detected signal (for example an amplifier, a filter and 
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an ADC (analog/digital converter)), a pulse processing 
means (for example a multichannel analyzer) and a means 
of storing and processing the data acquired (for 
example a PC computer) . 

5 

The measurement of the radioactivity and the processing 
of the results are preferably carried out continuously. 

The radioactive tracer that can be used in the present 
10 invention may either be an organic or mineral compound 
of a radioactive element (radionuclide) or the 
radioactive element itself, which is then in elemental 
form. However, on account of the above considerations 
regarding the physico-chemical properties of the 
15 radioactive tracer relative to those of the lubricating 
oil, the organic or mineral molecular forms of 
radiotracers are preferred over the elemental forms of 
the radionuclides. 

20 * The radio tracer is therefore chosen from organic or 
mineral compounds or elements meeting the above- 
mentioned conditions (i.e. inertness with respect to 
the lubricant or substitution for one of the components 
of the lubricant, sufficient radioactivity, oil/tracer 

25 proportionality) . However, for obvious handling and 
environmental protection reasons, it will be preferred 
to choose tracers containing radionuclides having a 
short period, or half-life, preferably a period of less 
than 3 years, in particular less than 1 year and even 

30 more preferably less than 30 days. In this way, the 
production of radioactive waste of long half-life is 
avoided. 



It is preferable that the period of the radionuclide be 
35 at least as long as the planned duration of the trial. 
The computer, thanks to the law of radioactive decay 
will be easily able to correct the measured value. 

Examples of^ radionuclides of suitable period that may 
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be mentioned include the following (the period being 
indicated in parentheses): 22 Na (2.61 years), "Zn (243.8 
days), 45 Ca (165 days), 3S S (87.2 days), 32 P (14.3 days), 
41 ca (4.54 days), 99 Mo (65.9 hours), B2 Br (35.3 hours), 
> 64 Cu (12.7 hours), 99M Tc (6.01 hours), 28 Mg (20.91 hours), 
68 Ge (270.95 days), 69 Ge (39 hours), 77 Ge (11.30 hours), 
8S Sr (64.8 days) and 56 Co (77.3 days). 

These radio tracers are in general produced 
0 artificially by nuclear reactions, especially by 
activation reactions. This activation is accomplished 
using methods familiar to those skilled in the art, for 
example by exposing inactive elements or compounds 
containing said inactive elements to a source of 
5 neutron radiation, or else by exposing them to a beam 
of accelerated ions coming from a particle accelerator. 

Depending on the case, the inactive elements or 
compounds containing said inactive elements are 
0 activated either before their incorporation into the 
engine oil, or are activated within the oil, that is to 
say by exposing the oil containing the element or 
compound that can be activated to, for example, neutron 
radiation or to a proton beam. 

25 

One of the possible options for obtaining artificial 
radionuclides is to incorporate the inactive elements 
or compounds containing said inactive elements in a 
suitable amount of a carrier (for example a solvent or 
30 diluent, such as an oil), then in subjecting this 
mixture to the activation process and finally to add it 
to the lubricating oil. 

The radio tracers may be additives normally used in 
35 lubricating oils, such as corrosion inhibitors, 
antioxidants, viscosity modifiers, lubricating 
additives, dyes, pour point reducers, detergents or 
dispersants. As examples of such radio tracers 
operating as a functional additive, mention may be made 
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of: zinc dithiophosphate, calcium or magnesium 
sulfonates, such as calcium or magnesium 
alkylsulfonates, arylsulf onates or alkylarylsulfonates; 
calcium phenates, magnesium phenates, calcium 
5 salicylates; and magnesium salicylates. 

However, the use of radio tracers that do not have any 
physical or chemical function in the engine lubrication 
system are just as suitable. 

10 

The Applicant has found that particularly useful 
radioactive tracers for introduction into the engine 
oil are certain compounds of germanium 69. These 
compounds are chosen for example from 

15 tetraalkylgermanes. Since the boiling point of these 
tetraalkylgermanes is proportional to the length of the 
alkyl chains,, it will be advantageous to use a mixture 
of tetraalkylgermanes having alkyl chains such that the 
boiling point of the mixture lies within the 

20 distillation range of the oil used. For example, 
tetrahexylgermane, tetraheptylgermane and 

tetraoctylgermane each have a boiling point similar to 
that of a conventional engine lubricant. 

25 Another particularly useful radio tracer, in particular 
because of its ease of preparation and handling, and 
because of its very short lifetime, is 99m Tc, preferably 
in the form of an aqueous solution of sodium 
pertechnetate NaTcO* or in the form of nanoscale 

30 particles isolated from the atmosphere by carbon. 

The invention will now be described with reference to 
the appended nonlimiting drawings in which: 

35 - figure 1 shows a first version of the method of 
measuring the oil consumption according to the 
invention, in which the radioactive oil contained in 
the blowby gases leaving the oil separation system is 
trapped in a trapping device; 
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figure 2 shows a second version of the method of 
measuring the oil consumption according to the 
invention, in which the radioactivity of the 
radioactive oil contained in the blowby gases ieaving 
the oil separation system are measured directly, 
without prior trapping of the oil; 

figure 3 shows a third version of the method of 
measuring the oil consumption according to the 
invention, which differs from the method of figure 1 by 
the fact that the treated blowby gases are not returned 
to the intake but released into the atmosphere; 

figure 4 is a graph showing the amount of oil 
trapped in a first trapping device, placed downstream 
of an oil separation system of a circuit for recycling 
15 the blowby gases of an internal combustion engine, as a 
function of the number of kilometers traveled by the 
vehicle; and 

figure 5 is a graph showing the amount of oil trapped 
in a second trapping device, placed downstream of an oil 
separation system of a circuit for recycling the blowby 
gases of an internal combustion engine, as a function of 
the number of kilometers traveled by the vehicle. 
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In all the diagrams shown in figures 1 to 3, the oil 
25 separation system is illustrated in the form of a 
single separator. If the separation system comprises 
two or more separators connected in series, a direct 
measurement may be made at the outlet of each 
separator. Alternatively, a single measurement may be 
30 made at the outlet of the separator furthest 
downstream, with or without trapping of the oil by a 
trapping device, in order to calculate the overall 
consumption of the system. 

35 The internal combustion engine may also include several 
separation systems connected in parallel (for example a 
V6 engine). In this case, the consumption may be 
measured either on all of the blowby gases brought 
together downstream of the separation systems, with or 
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without trapping of the oil, or at the outlet of each 
separation system (each possibly also comprising 
several separators) when the blowby gases coming from 
each separation system are not brought together in a 
single line but are sent separately to the intake or 
into the atmosphere. 

The invention will now be described with reference to 
figure 1. In this embodiment, the blowby gases laden 
with oil labeled by at least one radioactive tracer 
leave the engine block 1 and enter, via the inlet line 
A, the oil separator 2. The separation of the oil 
contained in these blowby gases takes place in this oil 
separator 2. The oil thus separated is sent into the 
oil sump 6 via the return line B, 

The imperfectly de-oiled blowby gases, which still 
contain a certain fraction of radioactive oil, are sent 
via the outlet line C to the oil trapping device 4 
where the residual oil is retained. The blowby gases, 
now completely or almost completely de-oiled, are 
returned to the intake D via the line F. 

A detector 3, sensitive to the radiation emitted by the 
radio tracer (s) introduced into the lubricating oil, is 
placed in the immediate vicinity of the trapping device 
4 containing the separated oil. This detector must be 
protected by a suitable material, for example lead, 
from the radiation emitted by the radioactive 
lubricating oil in circulation in the engine located 
nearby- The detector 3, thus protected against this 
parasitic radiation, measures only the radioactivity 
that has built up in the trapping device 4. 

The detector 3 is connected to a computer system 5 for 
recording and processing the measurement data, and is 
programmed to calculate the oil consumption by the oil 
separation system 2 in the blowby gas recycling system. 
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The method of figure 2 differs from that shown in figure 1 
by the fact that the biowby gases leaving via the outlet 
line C of the oil separation system 2 are recycled 
directly into the intake. The measurement of the 
5 radioactivity by the detector 3 connected to the computing 
system 5 takes place without prior trapping of the 
residual oil present in the biowby gases coming from the 
separation system 2. The detector 3 is placed close to the 
line C where it measures the radioactivity of the biowby 
10 gas flow in this line. This embodiment, unlike that of 
figure 1, is completely non-intrusive, that is to say it 
does not involve any modification of the flow of the gases 
in the engine and in the biowby gas recycling system. 

15 Finally, the method shown in figure 3 is substantially 
identical to that of figure 1, except that the treated 
(de-oiled) biowby gases are not recycled to the intake 
D but released into the atmosphere. 

20 The invention will be more clearly understood on 

reading the following examples, which are purely 

illustrative and in no way limit the scope of the 
present invention . 

25 Examples 

These examples constitute trial configurations. They 
are intended to illustrate the method of measuring, in 
real time, the consumption of engine oil due to the 
30 biowby gases passing through the system for separating 
the oil contained in said gases. 

The engine used in these trials was an %% F3R" 4- 
cylinder/8-valve petrol engine of 2 liter capacity, 
35 fitted to a Renault Espace vehicle. 



The 4-stroke engine oil was an oil sold under the ELF 
brand, of the Evolution SXR 5W30 type. 
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As radioactive tracer, germanium 69, prepared in the 
form of a complex of tetraalkylgermanes soluble in the 
oil, and the distillation range of which was 
representative of the lubricant, was used. The total 
activity employed was 37 MBq (1 mCi) f the tracer being 
mixed with five liters of engine sump oil. 

The oil trap used was fitted close to the engine, 
between the outlet of the oil separator and the return 
to the intake manifold. 

Two types of traps were used, corresponding to the two 
examples below. In the case of Example 1, the cartridge 
used contained a resin-impregnated high-density animal 
wool (filter wool sold by Vita Medical Ltd., 
Australia) . The trap used for Example 2 consisted of 
stainless steel filings (fine entangled spirals) . The 
total volume of each type of trap was around 100 ml. 

The trials were carried out under identical and 
repeatable conditions (3 km on a road + 7 km on a 
freeway, gear changes at similar engine speeds, s.ame 
average freeway speed, etc.). 

After each run, the vehicle was returned to the 
workshop and a radioactivity measurement probe was 
repositioned in an identical manner close to the trap 
so as to determine the fraction of oil built up in the 
filter, via a gamma-radiation measurement (511 keV 
line) . 

Precautions were taken to focus the measurement probe 
on the radiation emitted by the trap, while minimizing 
the impact of the signal coming from the oil contained 
in the engine. A lead shield was used for this purpose 
and the probe was positioned against the trap, but as 
far as possible from the engine block. 



Several measurement points were effected after each 
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run, the count time being 30 seconds per measurement 
point . 

The radiation detection system consisted of a standard 
3x3 inch NaKTl) detector with an integrated 
photomultiplier tube, the other elements of the 
measurement chain being a 2007P model charge 
preamplifier of the Canberra brand, a 2020 spectroscopy 
amplifier (from Canberra) an 8087 model ADC converter 

(from Canberra) and an S100 model multichannel card 

(from Canberra) . 

The software used during these trials was "Genie 2000" 
(from Canberra) for gamma spectroscopy, and also the 
MCS (Multi Channel Scaling) analysis software called 
"IDSWear" sold by Atlantic Nuclear Services (ANS) , 
Canada. The results presented below include a half-life 
correction (the half-life being 39 hours in the case of 
«9Q e ) t>y the "IDSWear" measurement software. 

It should be noted that the procedure applied here was 
of the almost continuous type, that is to say each 
measurement point was at a regular and identical time 
and distance interval. 

Example 1 

The graph of figure 4 shows the amount of oil trapped 
in a trapping device located downstream of an oil 
separation system as a function of the number of km 
traveled by the vehicle . 

The volume of trapped oil was calculated on the basis 
of the specific activity of the engine oil (which was 
7,4 Bq per microliter at the start of the trial), 
taking into account the efficiency of the detector and 
the detection geometry. 

The overall efficiency (about 7%) on the 511 kev peak 



was evaluated via a computation code of the "Monte 
Carlo" type, the input parameters of which were adapted 
to the measurement configuration. 

The increase in activity detected as a function of time 
was thus directly converted into the volume of oil 
trapped. It may be seen in the graph that the trapped 
volume does not increase linearly with the number of km 
traveled. 

This result is explained by the fact that the 
impregnated wool contained in the trap is also very 
effective at trapping water vapor. The wool is 
therefore impregnated little by little with water, this 
having the consequence that it becomes increasingly 
difficult for the gases to flow into the trap, and 
therefore that the volume of trapped oil per km 
traveled decreases with time. 

Nevertheless, it may be seen that, at the start of the 
trial, there is an oil consumption of about 3 
microliters per km traveled. 

Example 2 

Figure 5 is a graph showing the amount of oil trapped 
in a trapping device containing stainless steel 
filings, located downstream of an oil separation 
system, as a function of the number of km traveled. 

The volume of trapped oil was calculated on the basis 
of the specific activity of the engine oil (which was 
5.48 Bq per microliter at the start of the trial), 
taking into account the efficiency of the detector and 
the detection geometry. 

The overall efficiency (about 7%) on the 511 keV peak 
was evaluated via a computation code of the "Monte 
Carlo" type, the input parameters of which were adapted 
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to the measurement configuration. 

The increase in activity detected as a function of time 
was thus directly converted into the volume of oil 
5 trapped. It may be seen in the graph that the trapped 
volume increases almost linearly with the number of km 
traveled. 

The deviation from the regression line noted for the third 
10 series of measurements carried out at 20 km is explained 
• by the traffic conditions, which were slightly varied. 

The good linearity of the curve obtained is explained 
by the fact that the material used here has no tendency 
15 to accumulate the water contained in the blowby gases. 
Consequently, the resistance of the trap to the flow of 
gases does not vary with time. 

The average oil consumption recorded was 1.875 
20 microliters per km traveled, a lower value than that 
recorded in Example 1, This is explained by a 
considerably coarser mesh in the case of the stainless 
steel filter, which does not trap all the residual oil 
leaving the oil separation system. 

25 

Example 3 

This example is intended to illustrate the method of 
real-time measurement of the engine oil consumption due 
30 to the blowby gases passing through the system for 
separating the oil contained in said gases. 

The engine used in this trial was an "L7X" 6- 
cylinder/24 valve petrol engine, of 3 liter capacity, 
35 fitted on an engine test bed. 

The 4-stroke engine oil was an oil sold under the TOTAL 
brand, of LUB MA3 5W-30 type. 
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The radioactive tracer used was 99 Tc (gamma-radiation at 
141keV), prepared in the form of a mixture of the 
abovementioned oil and carbon nanoparticles containing 
99 Tc. The specific activity of the oil/ 99 Tc mixture used 
5 in this trial was 2 kBq/ml (2.3 kBq/g) , i.e. a total 
activity in the engine of about 14,000 kBq. 

The oil trap used was fitted close to the engine, 
between the outlet of the oil separator and the return 

10 to the intake manifold. This trap was of the cyclone 
type with a volume of around 10 ml, giving a pressure 
drop of less than 10 mbar, which was compensated for by 
the use of connecting tubes with no pressure drop, so 
as to guarantee a flow identical to the standard engine 

15 system. The oil trapped from the effluents was 
collected in a flask of 100 ml capacity. 

The measurement was made in real time and continuously, 
the computer being programmed to calculate an average 
20 value per 5 minute measurement period. The detection 
chain remained in the same configuration throughout the 
trial. 

Precautions were taken to focus the measurement probe 
25 on the radiation emitted by the trap, while minimizing 
the impact of the signal coming from the oil contained 
in the engine. A thick lead shield was used for this 
purpose, and the probe was positioned against the trap 
as far as possible from the engine block. 

30 

The radiation detection system consisted of a standard 
2x2 inch Nal(Tl) detector with an integrated 
photomultiplier tube, the other elements of the 
measurement chain being a 2007P model charge 
35 preamplifier of the Canberra brand, a 2020 spectroscopy 
amplifier (from Canberra), an 8087 model ADC converter 

(from Canberra) and an S100 model multichannel card 

(from Canberra) . 
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The software employed during these trials was "Genie 
2000" (from Canberra) for the gamma spectroscopy, and 
also the MCS (Multi Channel Scaling) analysis software 
called "IDSWear" sold by Atlantic Nuclear Services 
5 (ANS) , Canada. The results presented below include a 
half-life correction (the half-life being 6 hours in 
the case of 9& Tc) by the x "IDSWear" measurement software. 

The graph of figure 6 shows the amount of oil trapped 
10 in a trapping device located downstream of an oil 
separation system as a function of the number of hours 
of the trial. 

The volume of trapped oil was calculated on the basis 
15 of the specific activity of the engine oil (which was 
2 Bq per microliter at the start of the trial), taking 
into account the efficiency of the detector and the 
detection geometry. 

20 The overall efficiency (about 6%) on the 141 keV peak 
was evaluated on the basis of the volume of trapped oil 
at the end of the trial* 

The increase in detected activity as a function of time 
25 can thus be converted into a volume of trapped oil- 

During this trial, three phases were implemented: a 
first phase on an operating point stabilized for 
regulating an oil temperature 1 lasting 4 hours; a 

30 second phase for an oil temperature 2 lasting 6 hours; 
and, finally, a stopped engine test lasting 2 hours . 
The graph clearly shows three different slopes 
depending on the three phases, namely: 37.8 microliters 
between two measurements points during the first phase; 

35 90,1 microliters between two measurement points during 
the second phase; and 2.2 microliters between two 
measurement points during the final phase. 

For the last, phase, the slight increase is explained 
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essentially by the slight trickling into the trapping 
device. 



